usually been thought to have a negative influence on the beef quality of Japanese black cattle by forming carcass marbling. However, vitamin A supplementation affected carcass marbling only if given before 23 months of age. Kawashima et al. 12 reported that the plasma β-carotene concentration in the three weeks prepartum were greater in ovulatory cows 2,970 240 ng/mL than in anovulatory cows 1,530 140 ng/mL; p 0.001 , and indicated that lower β-carotene concentrations in plasma was a feature of anovulatory cows. Moreover, Kawashima et al. reported that the β-carotene played a role independently of vitamin A in the reproductive performance of dairy cows and that the β-carotene content in corn silage, which is a popular main feed in high-producing dairy cows, was very low 14 .
Astaxanthin is a carotenoid which is distributed in marine bacteria, yeast, green algae, crustaceans, and fish. Recently, astaxanthin has been investigated for several biological functions such as radical scavenging, singlet oxygen 1 O 2 quenching, and immune enhancement activities etc. 22 . Dietary astaxanthin modulated human and animal immune responses 22 28 . It was also reported that astaxanthin improved reproductive performance, regulated estrous cycles and reduced heat stress damage in cattle 29 . More recently, Kuroki et al. 30 found that astaxanthin ameliorated the heat stress-induced impairment of blastocyst development using bovine embryos. Phaffia yeast Xanthophyllomyces dendrorhrous is a good source of astaxanthin and is widely used for pigmentation of cultured fish. Phaffia yeast was also used in trials of administration of astaxanthin to cattle as described above. However, there are no reports on the absorption and accumulation of carotenoids ingested from phaffia yeast in cattle. Furthermore, it is known that cattle hardly absorb xanthophylls 7 . Thus, we tried to investigate the absorption and accumulation of carotenoids from phaffia yeast in calves. Furthermore, carotenoid contents in colostrum and serum of their dams were also investigated. In this paper, we describe the accumulation of carotenoids in calves.
MATERIALS AND METHODS

Animals and Treatments
Two or three-week-old Jersey and Jersey Japanese Black crossbred calves, which were born on the farm of the Faculty of Agriculture, Tokai University, were used in this study. Two male calves Jersey and Jersey Japanese Black crossbred and one female calf Jersey Japanese Black crossbred were used for the treatment group and one female calf Jersey Japanese Black crossbred was used as a control. In the treatment group, five grams of dry phaffia yeast powder AquastaTM, Naturxan Co Ltd.,Colombia, USA was added to a milk replacer and administered to calves every morning for one month. The control calf was fed only milk replacer during the study period.
After birth for four days, test groups were given 2 L milk per day. From five days, they were given 200 300 g substitute milk with diluting in 2 L hot water per day. 5g phaffia yeast were included in the substitute milk and used from 18 days to 49 days after birth. Calves were weighed weekly during the experiment. Body weight of new born calves n 4 were 24.9 2.5 kg. Thirty days after bon, body weight increased 38.3 5.5 kg. Body weight of calves at the final day of experiment was 47.6 7.3 kg. Dairy weight gain during experiment was 0.44 0.12 kg. Calves of both control and phaffia yeast-supplemented groups grew well without getting disease. Blood samples were taken by jugular venipuncture into 10 mL heparinized vacutainer tubes Venoject II, Terumo, Tokyo, Japan before and every week after administration of phaffia yeast and immediately stored at 30 until carotenoid analyses. Thirty days after the beginning of phaffia yeast administration, calves were euthanized using electrical stunning after being sedated with xylazine HCl Bayer , 0.3 mg/kg, IM and dissected. The organs were taken and stored immediately at 30 until carotenoid analyses. Serum and colostrum from their dams were also collected for carotenoid analyses. This study was approved by the Animal Experimentation of Faculty of Agriculture, Tokai University.
Analysis of carotenoids in phaf a yeast
Carotenoid composition in phaffia yeast Xanthophyllomyces dendrorhrous was analyzed according to our routine method 31 .
Identi cation of carotenoids in liver
The liver was homogenized at room temperature and extracted with acetone at room temperature. After filtration, the acetone extract was transferred to diethyl ether Et 2 O -n-hexane 1:1 solution by addition of water. The organic layer was evaporated to dryness. Then, this solid was subjected to silica gel chromatography. The fraction eluted with Et 2 O-n-hexane 1:9 was further separated by HPLC on a Cosmosil 5C18-II with CHCl 3 -CH 3 
HPLC analysis of carotenoids in blood and individual
organs Carotenoids were extracted with acetone from blood. Acetone extract was transferred to ether-hexane 1:1 by addition of water. The organic phase was evaporated to dryness and submitted for HPLC analyses. In the case of organs, carotenoids were extracted from homogenized organs until the extract solution showed colorless. After filtration of extracted solution, the extract was transferred to diethyl ether Et 2 O -n-hexane 1:1 by addition of water. The organic phase was evaporated to dryness and submitted for HPLC analyses. HPLC was performed with a Hitachi L-6000 intelligent pump and an L-4250 UV-VIS detector set at 470 nm. The column used was a 250 4.6 mm i.d., 5 μm C o s m o s i l 5 S L -I I N a c a l a i Te s q u e , J a p a n w i t h acetone:hexane 2:8 as a solvent at a flow rate of 1.0 mL/ min. Figure 1 shows the HPLC profile of carotenoids in the liver of a calf fed phaffia yeast. Identification of each carotenoids were performed with retention times in HPLC with authentic carotenoids obtained from phaffia yeast 31 . The content of individual carotenoids was calculated from the peak area compared with the authentic samples.
Structures of carotenoids identified in the calves are shown in Fig. 2. 
RESULTS
Carotenoids in phaf a yeast
Carotenoids in silage and milk replacer
Silage contains about 40 mg/kg of carotenoid. Lutein 24.4 mg/kg and β-carotene 15.0 mg/kg were found to be major components along with zeaxanthin 1.3 mg/kg as a minor component. The milk replacer contained β-carotene 205 ng/g and lutein 269 ng/g as shown in Table 2 .
Carotenoids in colostrum and serum of dams
β-Carotene was present as the major carotenoid 405 ng/ mL two days after parturition, 100 ng/mL eight days after parturition in dam colostrum, fed on silage. On the other hand, lutein was present as a minor component in colostrum. Dam serum contained β-carotene 3,042 ng/g and lutein 79 ng/mg as shown in Table 2 .
Carotenoids in individual organs of the control calf
As shown in Table 3 , carotenoids were found in all calf organs. The liver accumulated the highest amount of carot- Figure 3 shows individual carotenoid content in blood during experiment. In the phaffia yeast supplemented group, content of β-carotene, echinenone, 3R -3-hydroxyechinenone, and 3R,3 R -astaxanthin were increased with supplementation days of phaffia yeast. On the other hand, β-carotene and lutein content in control group were constant during the experiment. Carotenoid contents in individual organs of calves fed phaffia yeast are shown in Table 4 shows the percentage composition of accumulated carotenoids in individual organs of phaffia yeast-administered calves. β-Carotene and 3R -3-hydroxyechinenone were present as major carotenoids followed by echinenone. β-Carotene was present as a main carotenoid in the blood 54.4 , mammary glands 52.1 , pancreas 49.8 , and spleen 44. 8 . 3R -3-Hydroxyechinenone was also found as a main carotenoid in the soleus 70.9
Carotenoids in individual organs of calves fed phaf a yeast
, tenderloin 62.2 brain 56.8 , kidney 55.2 , liver 44.8 , and ovaries 44. 6 . Echinenone was present as a middle component in the blood 4.1 , and heart 30.1 . A relatively large amount of echineone was accumulated in the heart 30.1 and brain 20.5 . 3R,3 R -Astaxanthin, which was present as a major carotenoid in phaffia yeast, was found to be a minor carotenoid in calves blood 2.8 to ovary 20.4 .
DISCUSSUON
Among the carotenoids, β-carotene has been investigated not only as provitamin A, but also as an important nutrient for immune enhancement and antioxidant properties in humans 1 3 and livestock 7 9, 19, 20 . In 1991, Kamimura et al. 14 reported that fresh pasture contained 300 mg/kg of β-carotene. Generally, pastured cattle feed on about 10 kg of pasture in a day. Therefore, pastured cattle can ingest a total of 540 g of β-carotene 0.3 g 30 days 6 month 540 g from fresh pasture during the spring and summer months. On the other hand, recently cattle have been kept in barns and fed on imported hay or silage. In the present investigation, we found that silage contained only 15.0 mg/ kg of β-carotene. Silage contains 20 times less β-carotene than fresh green grass. Therefore, cattle cannot get enough β-carotene in their diets. In 1993, Kume et al. 19 reported that the β-carotene contents in the colostrum of Holstein cows were 693 ng/mL just after parturition and 182 ng/mL four days after parturition . In the present investigation, the β-carotene contents in the colostrum were found to be 405 ng/mL two days after parturition and 100 ng/mL eight days after parturition . These results are in agreement with the data reported by Kume et al. 19, 20 . It was reported that the β-carotene content in the colostrum reflected individual and breed differences. Therefore, more detailed investigations are needed to estimate the appropriate content of carotenoid in the colostrum of cattle and in their food. Lutein was a major carotenoid in milk replacer. However, lutein was present as a very minor component in colostrum. This indicated that the xanthophyll levels of calves were very low. These results were in accordance with those of previous reports 7 . Milk replacer contains lutein as a major carotenoid 268 ng/mg along with β-carotene 205 ng/mg . However, the serum of control calves fed on this milk replacer contained lutein as a minor component 20 ng/mg along with β-carotene 150 ng/mg . This indicated that the bio-availability of lutein in calves was also low. It was reported that lutein and canthaxanthin were cleared more quickly from the serum in preruminant calves 7 . Therefore, the bio-availability of lutein may be very low in calves. Phaffia yeast-supplemented calves accumulated 4 to 10 times more carotenoids than the control calf. This clearly indicated that calves absorbed carotenoids from phaffia yeast. In the present investigation, it was found that serum from dams contained β-carotene 3,042 ng/mL and lutein 79 ng/mL . Desirable blood concentrations are considered to be in excess of 3,000 ng/mL in dairy cattle 10 . Phaffia yeast contains 1.90 mg/g of β-carotene. Therefore, phaffia yeast could be a valuable source of β-carotene supplementation for cattle. Furthermore, xanthophylls from phaffia yeast, 3R -3-hydroxyechinenone, echinenone, and 3R,3 R -astaxanthin, were detected in all organs serum, liver, kidney, spleen, heart, pancreas, ovary, mammary gland, testes, brain, jejunum, duodenum, tenderloin, roast, rumen, abomasums along with β-carotene. Concerning the deposited carotenoid composition in cattle, both β-carotene and 3R -3-hydroxyechinenone were found to be major carotenoids. Namely, β-carotene accounted for 54. 4 blood to 14.8 soleus of total carotenoids. Similarly, 3R -3-hydroxyechinenone accounted for 70.9 soleus to 20.2 mammary gland . Echinenone was present as 21.2 testes to 4.1 serum of total carotenoids. On the other hand, 3R,3 R -Astaxanthin, which was present as a major carotenoid in phaffia yeast, was present as a minor component at 20.4 ovary to 2.8 blood . This showed that calves absorbed less polar xanthophyll, echinenone and 3R -3-hydroxyechinenone compared to a polar xanthophyll, astaxanthin. Both echinenone and 3R -3-hydroxyechinenone have β-carotene structural moiety in these molecules. As reported previously, cattle absorbed β-carotene better than xanthophylls. This structural characteristics may be an enhancement factor for accumulation of echinenone and 3R -3-hydroxyechinenon in cattle. Furthermore, both compounds have provitamin A activity and vitamin A is one of the most important nutrients for cattle. Thus, preferential absorption of echinenone and 3R -3-hydroxyechinenon may be beneficial for cattle nutrition.
Astaxanthin is reported to have various beneficial bioactive properties for human and animal health, including the prevention of cardiovascular disease, the promotion of immune responses and anti-oxidative actions 22 28 However, it was uncertain whether astaxanthin was beneficial for cattle. Recently, astaxanthin was found to improve reproductive performance, regulate estrous cycles and reduce heat stress damage in cattle 29 . Furthermore, Kuroki et al. 30 reported that astaxanthin ameliorated the heat stress-induced impairment of bovine blastocyst development. These results suggest that the direct action of astaxanthin on mitochondrial activity via cellular uptake is a mechanism of the ameliorating effects.
In the present investigation, it was revealed that calves could absorb astaxanthin from dietary phaffia yeast. Therefore, it was assumed that astaxanthin absorbed from dietary phaffia yeast accumulated in the ovaries and promoted reproductive performance.
Calves also absorbed echinenone and 3R -3-hydroxyechinenone. There are a few reports on the biological activities of echinenone and 3R -3-hydroxyechinenone. Tsushima et al. reported that echinenone showed antioxidative activity and improved the reproduction and survival performance of sea urchins 33 . As well as astaxanthin, 3R -3-hydroxyechinenone showed excellent singlet oxygen quenching activity 31 and anti-inflammatory effects 34 . Furthermore, these carotenoids have provitamin A activity. Therefore, echinenone and 3R -3-hydroxyechinenone may contribute to protection from oxidative stress, promotion of reproduction performance and enhancement of immune responses in cattle.
CONCUUSION
Calves absorbed not only β-carotene, but also xanthophylls, echinenone, 3R -3-hydroxyechinenone and astaxanthin from dietary phaffia yeast. Therefore, phaffia yeast is beneficial for carotenoids supplementation for calves.
